Abstract Stroke is the third major cause of death and foremost cause of disability worldwide. Cerebrovascular stroke remains largely a clinical diagnosis. The use of biomarkers in diagnosing stroke and assessing prognosis is an emerging and rapidly evolving field. The study aimed to investigate the predictive value of neurobiochemical marker of brain damage (neuron-specific enolase [NSE]) with respect to degree of disability at the time of admission and neurological worsening in acute ischemic stroke patients. We investigated 150 patients with cerebrovascular stroke who were admitted within 72 h of onset of stroke in the Department of Neurology at SAIMS. Venous blood samples were taken after admission and NSE was analyzed by solid enzyme linked immunosorbent assay using Analyzer and microplate reader from Biored: Code 680. In all patients, the neurological status was evaluated by a standardized neurological examination and the National Institutes of Health Stroke Scale on admission and on day 7. Serum NSE concentration was found to significantly correlate with both degree of disability and neurological worsening in acute ischemic stroke cases in the present study. The maximum serum NSE level within 72 h of admission was significantly higher in patients with greater degree of disability at the time of admission. Serum NSE levels were also found to be significantly elevated in patients with bad neurological outcome. Our study showed that serum NSE has high predictive value for determining severity and early neurobehavioral outcome after acute stroke.
Introduction
The diagnosis and management of stroke is limited by lack of rapid diagnostic assays for use in emergency settings. The CNS cellular response to stroke results in characteristic upregulation and release of particular neuronal markers into the CSF and blood-stream. Increased levels of neuronal isoenzymes and other molecules with CNSspecific expression signal damage to the brain parenchyma. Several neurobiochemical markers can evaluate neuronal injury and in recent years, neurobiochemical markers of brain damage have gained particular attention in the identification of stroke patients with an adverse neurological outcome. The serum neuron-specific enolase (NSE) level is one of these markers. NSE, a dimeric isoenzyme of the glycolytic enzyme enolase, is found in the cytoplasm of neurons and cells with neuroendocrine differentiation [1, 2] . The ac and cc (more common) isoforms are known as NSE because they initially were found in neurons and neuroendocrine cells. NSE is considered as specific neurobiochemical marker of brain damage after brain infarctions in humans [3, 4] or in animals [5] [6] [7] . It is assumed that NSE, being an enzyme from the cellular cytoplasm, is released during cell destruction.
Physiologically, NSE is present only in negligible amounts in the peripheral blood serum concentration is 8.7 ± 3.9 ng/ml (men 8.9 ± 3.9, women 8.3 ± 4.0) [8] . CSF-NSE concentration is 17.3 ± 4.6 ng/ml (men 17.4 ± 4.2, women 17.0 ± 5.2);
Subjects and Methods
The present study has been carried out on a total of 251 subjects aged between 35 and 85 years. Out of these 251 subjects, 101 adults with an apparently normal and healthy physique and presenting with no clinical signs or symptoms suggestive of cerebrovascular disease were used as the control group and 150 adults presenting with clinical signs and symptoms of cerebrovascular stroke were taken as the study group(cases).The subjects in the study group were selected from- The Exclusion criteria for subjects in study group were-(1) CNS infection (2) Stroke more than 72 h (3) Peripartum stroke Selected patients were subjected to the following protocol:
(1) Detailed history (2) Detailed Neurological Examination using the National Institutes of Health Stroke Scale (3) Blood sampling for serum NSE (4) CT scan within 12 h of admission to exclude patients with stroke mimic.
The venous blood samples were drawn within 72 h from the onset of symptoms in 5 ml serum separator tubes, centrifuged at 3,000 rpm for 15 min and then aliquotted in 2 ml tubes. Samples were stored at -20°C until assays were run to evaluate. The serum NSE samples were analyzed using an enzyme immunoassay manufactured by DRG Instruments GmbH, Germany and is based on the sandwich technique including the solid-phase monoclonal antibody raised against c, c-NSE. The sensitivity of the NSE assay is 1 ng/ml and the overall intra assay coefficient of variation was 7.3% and overall inter assay Coefficient of variation was 9.6%. Hemolytic specimens were discarded because lysis of erythrocytes and platelets influenced the serum NSE level.
The severity of stroke was scored on admission and after 7 days by the neurologist, using the National Institute of Health Stroke Scale (NIHSS). The NIHSS score consists of 15 items and a total score of 42 points. Score of 0 = no stroke, 1-4 = minor stroke, 5-20 = moderate stroke, 21-42 = severe stroke. Early neurological worsening was diagnosed as an increase in National Institute of Health Stroke Score (NIHSS) by two or more points (or strokerelated death) between admission and day 5 [9] and who remained stable or improved in the same period were classified as no worsening. The protocol was approved by the local Ethics Committee; Informed consent was given by patients themselves or by relatives as legally required.
Results
Out of total of 251 subjects, 150 cases of cerebrovascular stroke were included in the study group and 101 subjects as control. Tables 1, 2 , 3, 4, 5 and 6 clearly depicts that the maximum number of patients (58.66%) in the study group A positive correlation(r = .919; P \ 0.001) was observed between serum NSE levels and severity of stroke at the time of admission in study group. From the present study increased NSE level seen is related to cerebrovascular stroke.
A highly statistically significant correlation (P \ 0.001) was observed between serum NSE and degree of disability categorized into mild, moderate and severe NIH Stroke Scale. The calculated chisquare value of 94.905 was found to be significant at 1% level of significance.
A highly significant statistical correlation was observed between serum NSE (r = 0.706; P \ 0.001) and neurological worsening as seen by increase in NIH stroke score by C 2 after 7 days of admission. The calculated chisquare value of 74.842 was found to be significant at 1% level of significance. 
Discussion
Stroke causes a vast amount of death and disability throughout the world. Its impact on individual patients, their families and society as a whole is immense. Rapid management of acute stroke in the emergency setting, especially if the CT scan is normal or MRI is contraindicated or not available, is essential to ensure that patients receive thrombolysis within the therapeutic window. Out of these 251 subjects, 101 adults with an apparently normal and healthy physique and presenting with no clinical signs or symptoms suggestive of cerebrovascular disease were taken as the control group and 150 adults presenting with clinical signs and symptoms of cerebrovascular stroke were taken as the study group (cases).
The mean serum NSE, in patients with cerebrovascular stroke was found to be significantly higher (P \ 0.001) than in controls.
Fassbender et al. [10] , Casmiro et al. [8] , Anand et al. [11] in their studies have observed serum NSE levels to be less sensitive, rarely exceeding the reference range of normals and observed that greater extent of injury is required to produce a consistently measurable change. Stevens et al. [12] , Hill et al. [13] , Schaarschmidt et al. [14] have demonstrated an increase in serum NSE level after acute focal ischemia in humans.
During stroke, the blood-brain barrier (BBB) is compromised by endothelial cell death, and cytosolic contents released from injured brain tissues have the potential to cross the BBB. Physiologically, NSE, which is a highly soluble cytoplasmic protein, is present only in negligible amounts in the peripheral blood and consequently, is readily released by tissue damage in blood where it has a half life of around 48 h. Altered blood brain barrier and astroglial disintegration substantially makes the NSE leak into cerebral and systemic circulation.
Elevated levels of serum NSE, have been found to significantly correlate (P \ 0.001) with disability score and degree of disability.
Hill et al. [13] , Wunderlich et al. [15] , Ferrarese et al. [16] , Smith et al. [17] in their studies showed a positive correlation between the serum NSE level and the neurological outcome. Fassbender et al. [10] , Cunningham et al. [4] , Missler et al. [18] failed to demonstrate the significant correlation between NSE and neurological outcome.
From the present study NSE levels have been found to be related to brain parenchymal damage and secondary mechanisms of neuronal damage due to edema and increase of intracranial pressure in cerebrovascular stroke.
A positive correlation was observed between serum NSE levels and neurological worsening in study group.
Cunningham et al. [4] , Schaarschmidt et al. [14] have also reported that increased levels of Serum NSE correlated with worse clinical outcome. According to Wunderlich et al. [15] observed that serum levels of NSE would be expected to rise as long as damage due to the infarction continued and NSE was washing out of the brain tissue (Fig. 1) .
As neurological recovery depends on initial stroke severity, patients with higher serum NSE levels at the time of admission were more prone to bad neurological outcome in the present study.
Conclusion
1. Raised serum levels of brain biomarker NSE, in cerebrovascular stroke patients as compared to controls provides insight into the pathophysiologic mechanisms of brain injury. 2. Higher serum levels of NSE, were associated with greater degree of disability and neurological worsening as observed after 7 days in stroke patients suggesting the role of these biomarkers in predicting the neurobehavioral outcome after stroke.
A detailed study of brain biomarker is essential for planning effective preventive measures. Biomarkers in stroke provide insight into the pathophysiologic mechanisms of brain injury. Furthermore, a simple blood test for acute stroke could be of benefit in hospitals where CT is not yet available.
